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STORAGE SYSTEM GROUP INCLUDING
SCALE-OUT STORAGE SYSTEM AND
MANAGEMENT METHOD THEREFOR

This is a continuation application of U.S. Ser. No. 14/053,
703, filed Oct. 15, 2013 which is a continuation of U.S. Ser.
No. 12/988,008, filed Oct. 15, 2010, (now U.S. Pat. No.
8,589,616) which is a 371 of International Application Num-
ber PCT/JP2010/063027, filed Aug. 2, 2010, which claims
priority to JP Application No. 2010-168164, filed Jul. 27,
2010. The entire disclosures of all of these applications are
hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a storage system group
including a scale-out storage system configured by a plurality
of storage systems, and a management method therefor.

BACKGROUND ART

As business activities come to rely more and more on
information systems, losses associated with system shut-
downs are becoming enormous. As a result of this, greater
importance is being attached to technologies that do not shut
down a system or rapidly restore a system when deficiencies
such as a system failure or damage occur.

For example, storage cluster technology is disclosed in
Patent Literature 1. In storage cluster technology, data in a
first logical volume of a first storage system is copied to a
second logical volume of a second storage system. In a case
where a failure occurs in the first storage system, a host
computer is able to access the data in the second logical
volume of the second storage system by switching from an
access path to the first logical volume to an access path to the
second logical volume. Furthermore, in the following expla-
nation, a combination of the logical volume that is the data
copy source (copy source volume) and the logical volume that
becomes the data copy destination (copy destination volume)
will be called a “remote copy pair”.

Also, in Patent Literature 2, disaster recovery technology
for rapidly restoring a system in a case where the entire
system at a site shuts down due to a disaster or the like is
disclosed. According to the disaster recovery technology, a
remote copy pair comprising a first logical volume of a first
storage system and a second logical volume of a second
storage system, which is used when the first storage system is
unable to be used, is configured. This enables the second
storage system to continue operating even when the first
storage system has been damaged. Furthermore, in the fol-
lowing explanation, a first storage system that is run during
normal operations may be called a “primary storage system”,
and a second storage system that is used in place of the first
storage system may be called a “secondary storage system”.

CITATION LIST

Patent Literature
[PTL 1]
Japanese Patent Application Laid-Open No. 2009-32014
[PTL 2]
Japanese Patent Application Laid-Open No. 2005-18506

SUMMARY OF INVENTION
Technical Problem

A scale-out storage system comprising multiple storage
systems (will be called a “virtual storage system” hereinafter)
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is known. In accordance with a virtual storage system, the

capacity of the virtual storage system-provided resource can

be flexibly expanded by replenishing the storage system.

The joining together of remote copy pairs of storage sys-
tems in the same virtual storage system will be considered
here. Specifically, for example, it is supposed that the follow-
ing environment exists.

(*) One virtual storage system comprises a first storage sys-
tem and a second storage system.

(*) There is a first and a second remote copy pair.

(*) Copy source volumes and copy destination volumes are
mixed together in both the first and the second storage
systems. Specifically, for example, a first remote copy pair
is configured in a first copy source volume and a first copy
destination volume, and a second remote copy pair is con-
figured in a second copy source volume and a second copy
destination volume. The first storage system comprises the
first copy source volume and the second copy destination
volume. The second storage system comprises the first
copy destination volume and the second copy source vol-
ume.

(*) A single consistency group is configured using the first
and the second remote copy pairs. Specifically, the write
sequence (update sequence) of the write data to the firstand
the second copy source volumes and the replication
sequence (reflection sequence) of the write data to the first
and the second copy destination volumes are the same.
When the first storage system is damaged in an environ-

ment like this, an operation that uses the first and the second

copy source volumes is switched over to an operation that
uses the first and the second copy destination volumes.

However, since the second copy destination volume is in
the damaged first storage system, it is not possible to restore
the data in the second copy destination volume.

The user must configure the remote copy pair such that a
problem like this does not occur. For this reason, the user must
carry out management while being aware of the correspond-
ing relationship between the virtual storage system and the
storage systems that comprise same. This is a burden on the
user.

Therefore, an object of the present invention is to lessen the
management burden on the user who manages a storage group
including a scale-out storage system.

Solution to Problem

A management system is coupled to a storage system
group comprising a virtual storage system, which is a scale-
out storage system comprising multiple storage systems. The
management system comprises storage management infor-
mation comprising information that denotes whether or not a
storage system is a component of the virtual storage system
for each storage system. The management system, based on
the storage management information, determines whether or
not a first storage system is a component of the virtual storage
system, and in a case where the result of this determination is
affirmative, identifies on the basis of the storage management
information a second storage system, which is a storage sys-
tem other than the virtual storage system comprising the first
storage system, and only allows the user to perform a specific
operation with respect to this second storage system.

Advantageous Effects of Invention
It is possible to manage a virtual storage system compris-

ing multiple storage systems by treating it as a single storage
system. This makes it possible to lessen the management
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burden on the user, who manages the storage system group
including the scale-out storage system.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing an example of a computer
system of a first example.

FIG. 2 is a diagram showing an example of the configura-
tion of either a primary or a secondary storage system of the
first example.

FIG. 3 is a diagram showing an example of the configura-
tion of a management computer of the first example.

FIG. 4 is a diagram showing an example of the configura-
tion of either a primary or a secondary host computer of the
first example.

FIG. 5 is a diagram showing an overview of a scale-out
storage system of the first example.

FIG. 6 is a diagram showing one example of the configu-
ration of a storage and a remote copy of the first example.

FIG. 7 is a diagram showing an example of the configura-
tion of a volume management table of the first example.

FIG. 8 is a diagram showing an example of the configura-
tion of a volume set representative management table of the
first example.

FIG. 9 is a diagram showing an example of the configura-
tion of a volume set management table of the first example.

FIG. 10 is a diagram showing an example of the configu-
ration of a copy pair management table of the first example.

FIG. 11 is a diagram showing an example of the configu-
ration of a write data management table of the first example.

FIG. 12 is a diagram showing an example of the configu-
ration of a storage management table of the first example.

FIG. 13 is a diagram showing an example of the configu-
ration of a volume consolidation management table of the first
example.

FIG. 14 is a diagram showing an example of the configu-
ration of a volume set consolidation management table of the
first example.

FIG. 15 is a flowchart of a write request process of the first
example.

FIG. 16 is a flowchart of a write date transfer process of the
first example.

FIG. 17 is a flowchart of a write data reflection process
performed by a representative storage system of the first
example.

FIG. 18 is a flowchart of a write data reflection process
performed by a non-representative storage system of the first
example.

FIG. 19 is a flowchart of a virtual volume set creation
process of the first example.

FIG. 20 is a diagram showing a virtual volume creation
screen provided by a storage management program of the first
example.

FIG. 21 is a flowchart showing one portion of a remote
copy pair creation process of the first example.

FIG. 22 is a flowchart showing another portion of the
remote copy pair creation process of the first example.

FIG. 23 is a flowchart showing the remainder of the remote
copy pair creation process sequence of the first example.

FIG. 24 is a diagram showing a remote copy pair creation
screen provided by the storage management program of the
first example.

FIG. 25 is a flowchart of a storage addition process of the
first example.

FIG. 26 is a diagram showing a storage addition screen of
the first example.
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FIG. 27 is a flowchart of failover requirement determina-
tion process of the first example.

FIG. 28 is a diagram of the configuration of a computer
system of a second example.

FIG. 29 is a diagram showing an example of the configu-
ration of a stand-alone management computer of the second
example.

FIG. 30 is a flowchart of a configuration error determina-
tion process of the second example.

FIG. 31 is a diagram showing an example of the configu-
ration of a storage system for which a failover is not required
in the first example.

DESCRIPTION OF EMBODIMENT

A management computer of a scale-out storage apparatus
related to an embodiment of the present invention will be
explained below by using the drawings.

In the following explanation, various types of information
will be explained using the expression “xxx table”, but these
various types of information may be expressed using a data
structure other than a table. To show that the information is
not dependent on the data structure, “xxx table” may be called
“xxx information”.

Further, an ID (identifier) will be used for identifying an
element in the following explanation, and a name, a number,
or the like may be used as the ID.

In the following explanation, a “program” may be used as
the subject in explaining a process, but since a prescribed
process is performed in accordance with a program being
executed by a processor (for example, a CPU (Central Pro-
cessing Unit)) while using a storage resource (for example, a
memory) and/or a communication interface device (for
example, a communication port) as needed, the subject of the
processing may also be the processor. A process that is
explained with a program as the subject may be a process that
is performed by the management system. The processor may
comprise a hardware circuit that processes either all or a
portion of a process performed by the processor. A computer
program may be installed in respective computers from a
program source. The program source, for example, may be a
program delivery server or a storage medium.

The management system may comprise one or more com-
puters. Specifically, for example, in a case where the manage-
ment computer either displays information or sends display
information to a remote computer, the management computer
is a management system. Furthermore, for example, in a case
where the same functions as those of the management com-
puter are realized using multiple computers, the relevant mul-
tiple computers (may include a display computer in a case
where a display computer performs a display) are the man-
agement system.

EXAMPLE 1

FIG. 1 is a diagram showing an example of the configura-
tion of a computer system of a first example.

A computer system 1 comprises a primary storage system
104, a secondary storage system 105, a management com-
puter 20, a primary host computer 30a, a secondary host
computer 305, a management network 40, and a storage net-
work 50.

The primary host computer 30a and the primary storage
system 10a are coupled together via the storage network 50.
Similarly, the secondary host computer 305 and the second-
ary storage system 105 are also coupled together via the
storage network 50. Furthermore, the primary storage system
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10a and the secondary storage system 105 are also coupled
together via the storage network 50.

The primary host computer 30a, the primary storage sys-
tem 10a, the secondary host computer 305, and the secondary
storage system 105 are coupled to the management computer
20 via the management network 40.

Furthermore, in the example of FIG. 1, multiple primary
host computers 30a and secondary host computers 305 are
shown, but there can also be one each. Also in the example of
FIG. 1, a single management computer 20 is shown, but there
may also be multiple management computers 20.

The storage network 50 is a network system used primarily
for communications based on an IO (Input/Output) request
carried out between the primary host computer 30a and the
primary storage system 10a, and communications based on
an 1O request carried out between the secondary host com-
puter 305 and the secondary storage system 1056. Further-
more, the storage network 50 is also used for remote copy-
based communications between the primary storage system
10a and the secondary storage system 104.

For example, either a LAN (Local Area Network) oraSAN
(Storage Area Network) may be used as the storage network
50. The storage network 50 may be comprised of a network
switch and a hub. In this example, the storage network 50 is a
fibre channel protocol-based SAN (FC (Fibre Channel)-
SAN).

The management network 40 is used when the manage-
ment computer 20 is managing the primary host computer
30a, the primary storage system 10q, the secondary host
computer 305, and the secondary storage system 105. In this
example, the management network 40 is an IP (Internet Pro-
tocol)-based LAN. However, this does not negate the fact that
the storage network 50 and the management network 40 can
be formed on a single network. For example, in a case where
the storage network 50 comprises an IP protocol-based net-
work, the storage network 50 and the management network
40 can also be formed on a single network system.

FIG. 2 is a diagram showing an example of the configura-
tion of either a primary or a secondary storage system of the
first example.

Since the configuration of the secondary storage system
104 is practically identical to that of the primary storage
system 10a, an explanation of the former will be omitted.

However, different roles are allocated to the primary stor-
age system 10a and the secondary storage system 105 from
the standpoint of operations. That is, the primary storage
system 10a is the storage system that is run during normal
operations. Alternatively, the secondary storage system 105
stores a replication of the data of the primary storage system
104, and is operated as an alternative system when the storage
system 10aq is unable to be used due to a disaster, mainte-
nance, or the like.

The primary storage system 10a comprises a controller 110
and a disk apparatus 120.

The disk apparatus 120 stores data in accordance with a
write request from the primary host computer 30a. The disk
apparatus 120 is a disk-type physical storage device (for
example, a HDD (Hard Disk Drive)). Another physical stor-
age device (for example, a flash memory device) may also be
used as the physical storage device.

The controller 110 controls the primary storage system 10a
in its entirety. For example, the controller 110 writes data to
the disk apparatus 120, reads data from the disk apparatus
120, and controls a remote copy from the primary storage
system 10a to the secondary storage system 105.

The controller 110 also provides a storage area of the disk
apparatus 120 to the primary host computer 30a as one or
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more logical volume 121. As shown in the drawing, there may
be multiple disk apparatuses 120. Furthermore, the controller
110 may use RAID (Redundant Arrays of Independence
Disks) technology, and may comprise multiple logical vol-
umes 121 based on multiple disk apparatuses 120. Hereinaf-
ter, a logical volume 121 may simply be called a “volume”.

The controller 110, as shown in the drawing, comprises a
processor (for example, a CPU (Central Processing Unit))
111, a memory (hereinafter control memory) 112, a cache
memory 113, a data interface (data IF) 114, a disk interface
(disk IF) 115, and a management interface (management IF)
116.

These components (111, 112, 113, 114, 115 and 116) are
coupled together via an internal network 117. These respec-
tive components may be duplexed by using a redundant con-
figuration.

The processor 111 performs various processes in accor-
dance with executing a control program 1126 that is stored in
the control memory 112.

In addition to the above-mentioned control program 1126,
tables that the processor 111 needs when executing the con-
trol program 1126 are also stored in the control memory 112.

Specifically, for example, the control memory 112 stores a
volume management table 1121, a volume set management
table 1123, a copy pair management table 1124, and a write
data management table 1125.

Furthermore, a volume set representative management
table 1122 is stored in a storage system defined as the repre-
sentative storage of a group. Hereinbelow, the storage system
defined as the group representative storage will be called the
“representative storage system”. Only one of the storage sys-
tems included in the virtual storage system is registered as the
representative storage system.

In a storage system that is not a virtual storage system, this
storage system is registered as being the representative stor-
age system. Furthermore, the respective tables provided by
the primary storage system 10a will be described further
below.

The control program 1126 is for controlling the entire
primary storage system 10a, and processes an 1O request
from the primary host computer 30a, a remote copy, and a
storage management request from the management computer
20.

The cache memory 113 temporarily stores data that is to be
written to the disk apparatus 120 and data read from the disk
apparatus 120 (actual data, and write/read time management
information).

The data interface 114 is for carrying out communications
between the primary host computer 30a and the primary
storage system 10a, which are coupled via the storage net-
work 50.

Specifically, the data interface 114 is used when receiving
an 1O request (for example, a read request or a write request)
from the primary host computer 30a, and sending data, which
has been read from the disk apparatus 120, to the host com-
puter 30a. This interface 114 is also used for carrying out
communications between the storage systems that comprise
the same virtual storage system. In addition, the data interface
114 is also used when sending and receiving the data
exchanged between the primary storage system 10a and the
secondary storage system 105 when carrying out a remote
copy.

The disk interface 115 is used for carrying out communi-
cations between the disk apparatus 120 (the apparatus
coupled via the internal network 117) and the cache memory
113. The disk interface 115, for example, enables the control
program 1126 to fetch data stored in the cache memory 113
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and store same in the disk apparatus 120, and to read data
from the disk apparatus 120 and write same to the cache
memory 113.

The primary storage system 10a uses the management
interface 116 when carrying out communications with the
management computer 20 (the computer coupled via the
management network 40). The management interface 116 is
used when the control program 1126 receives an instruction
from the management computer 20, and sends primary stor-
age system 10q table information to the management com-
puter 20.

FIG. 3 is a diagram showing an example of the configura-
tion of a management computer of the first example.

The management computer 20 is for managing the primary
storage system 10a and the secondary storage system 105.
The management computer 20 comprises a memory 210, a
processor (for example, a CPU) 220, and a management
interface 230. The memory 210, the processor 220, and the
management interface 230 are coupled together via an inter-
nal network that has been omitted from the drawing.

The processor 220 performs various processing by execut-
ing a program stored in the memory 210.

The memory 210 stores a storage management table 2101,
avolume consolidation management table 2102, a volume set
consolidation management table 2103, a storage manage-
ment program 2104, and an OS (Operating System) 2105.

The storage management table 2101, the volume consoli-
dation management table 2102, and the volume set consoli-
dation management table 2103 are used by the storage man-
agement program 2104 that is executed by the processor 220.
Each table will be explained in detail further below.

The storage management program 2104 provides the user
with a user interface for managing the primary storage system
10a and the secondary storage system 1056. Furthermore, the
storage management program 2104 performs management
(for example, a setting, an execution instruction, and moni-
toring of the operational status) with respect to the primary
storage system 10a and the secondary storage system 105
based on a user operation. For example, the storage manage-
ment program 2104 provides a user interface, receives an
instruction, such as construct remote copy environment and
operate on copy pair, from the user via this user interface, and
sends this instruction to the primary storage system 10a and
the secondary storage system 105.

The OS 2105 is a program for controlling all of the pro-
cessing performed by the management computer 20.

Furthermore, the management computer 20 may comprise
adisplay device and an input device that are not shown in the
drawing.

The display device, for example, is a liquid crystal display
device, and the input device, for example, is either a keyboard
oramouse. The management computer 20 may also comprise
an apparatus that integrates the display device and the input
device (for example, a touch panel-type display apparatus). In
the following explanation, it is supposed that a screen and
other such information will be displayed on the display
device, and that the user will use the input device to perform
a desired operation.

FIG. 4 is a diagram showing an example of the configura-
tion of either a primary or a secondary host computer of the
first example.

Since the secondary host computer 305 has the same con-
figuration as the primary host computer 30qa, an explanation
thereof will be omitted.

However, different roles are allocated to the primary host
computer 30a and the secondary host computer 306 from the
operational standpoint. The primary host computer 30a oper-
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ates during normal operations, and the secondary host com-
puter 304 is used as an alternative system when the primary
host computer 30q is unable to be used due to a disaster,
maintenance, or the like.

The primary host computer 30a, for example, forms the
core of a prescribed business system (for example, a banking
business system or an airline seat reservation business sys-
tem). The primary host computer 30a comprises a memory
310, a processor 320, a data interface 330, and a management
interface 340. The memory 310, the processor 320, the data
interface 330, and the management interface 340 are coupled
together via an internal network that has been omitted from
the drawing.

The memory 310 stores an application 3101, a path man-
agement program 3102, and an OS 3103.

The application 3101 and the path management program
3102 are executed by the processor 320.

The application 3101, for example, is a program for man-
aging a database, and based on the data stored in the volume
121, performs a data write to the volume 121 or a data read
from the volume 121.

The path management program 3102 selectively switches
the path for the primary host computer 30a to access data
disposed in the primary storage system 10a. In a case where
multiple paths for accessing the data are registered, when one
path is unable to be used due to a failure or the like, the data
can be accessed using another path.

The OS 3103 is a program for controlling all of the pro-
cessing performed by the primary host computer 30a.

Next, an overview of a scale-out storage system will be
explained.

A scale-out storage system is a single virtual storage sys-
tem in which multiple storage systems are interlinked. The
configuration of a scale-out storage system can be made
larger or smaller by adjusting the number of interlinked stor-
age systems.

FIG. 5 is a diagram showing an overview of a scale-out
storage system of the first example.

A primary storage system A (10qa) described in FIG. 5is a
scale-out storage system, and comprises two storage systems,
i.e. primary storage system D and primary storage system E.

According to this drawing, the primary storage system D
comprises an actual volume D1. The actual volume D1 is
associated with a virtual volume E1 of the primary storage
system E. Furthermore, the primary storage system E com-
prises an actual volume E3. The actual volume E3 is associ-
ated with a virtual volume D3 of the primary storage system
D. The actual volumes D1 and E3 and the virtual volumes E1
and D3 are respectively allocated by the primary host com-
puter 30a. An “actual volume” is either all or a portion of the
storage space of one or more disk apparatuses 120 (for
example, a RAID group). A “virtual volume” is a virtual
logical volume that is not based on the disk apparatus 120.

Next, an overview of the processing performed when the
primary storage system A receives an 1O request from the
primary host computer 30a with respect to a volume will be
explained.

In general, when a primary storage system receives an 1O
request (either a write request or a read request) with respect
to a volume from a primary host computer, the primary stor-
age system determines whether this request is an 1O request
with respect to an actual volume or an 1O request with respect
to a virtual volume. In the case of an 1O request with respect
to an actual volume, the primary storage system performs the
10 of the data to the I/O destination actual volume and ends
the processing. Alternatively, in the case of an 1O request with
respect to a virtual volume, the primary storage system iden-
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tifies the actual volume that is associated with the 1/0 desti-

nation virtual volume, and transfers the 10 request with

respect to the identified actual volume to the storage system
that comprises this actual volume.

A specific explanation will be given using the configura-
tion of FIG. 5 as an example. In a case where the primary
storage system E receives a write request from the primary
host computer 30a with respect to the virtual volume E1, the
primary storage system E executes a write to the actual vol-
ume D1 by way of the virtual volume E1. Similarly, in a case
where the primary storage system E receives a read request
from the primary host computer 30a with respect to the virtual
volume E1, the primary storage system E reads the data from
the actual volume D1, and sends the read data to the primary
host computer 30a by way of the virtual volume E1.

By contrast, in a case where the primary storage system D
receives a write request with respect to the actual volume D1
directly from the primary host computer 30a (without going
through the virtual volume E1), the primary storage system D
writes the data to the actual volume D1. Similarly, in a case
where the primary storage system D receives a read request
with respect to the actual volume D1 directly from the pri-
mary host computer 30a (without going through the virtual
volume E1), the primary storage system D reads the data from
the actual volume D1, and sends the read data to the host
computer 30a.

That is, the primary host computer 30a has two paths via
which to access the respective actual volumes D1 (E3), a path
for directly accessing the respective actual volumes D1 (E3),
and a path for accessing the respective actual volumes D1
(E3) by way of the associated virtual volumes E1 (D3). The
path management program 3102 disposed in the primary host
computer 30qa selectively switches these paths to access the
actual volume D1 (E3). With a configuration like this, since
the primary host computer 30q is able to select either the path
that directly accesses the actual volume D1 (E3) or the path
that access the actual volume D1 (E3) by way of the virtual
volume E1 (D3), even if one path fails, the system is able to
continue to operate provided the other path does not fail.
Furthermore, as seen from the perspective of primary host
computer 30q, the primary storage system D and the primary
storage system E can be viewed as the single virtual storage
system A.

Next, an overview of a remote copy carried out between a
primary storage system and a secondary storage system will
be explained.

A remote copy is the replication of the data of a primary
storage system in a secondary storage system so that opera-
tions will be able to continue using the secondary storage
system even if a failure, maintenance or the like makes it
impossible to use the primary storage system.

A remote copy is realized in accordance with the following
operations.

(*) An “initial copy” via which all the data stored in the
volume of the primary storage system is replicated in the
volume of the secondary storage system.

(*) An “update copy” via which, in a case where a write
request is generated with respect to the volume of the
primary storage system, the write data (the data according
to this write request) is transferred to the secondary storage
system E and the volume of the secondary storage system
E is updated in accordance with the transferred write data.
Furthermore, a volume pair (a combination of a copy

source volume and a copy destination volume) for a remote

copy will be called a “remote copy pair” in this example.

In this example, a group comprising one or more copy
source volumes included in one or more remote copy pairs
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may be called either a “copy source volume set” or simply a
“volume set”, and a group comprising one or more copy
destination volumes included in one or more remote copy
pairs may be called either a “copy destination volume set” or
simply a “volume set”.

The sequence in which write data is updated to one or more
copy source volumes in a copy source volume set is the same
as the sequence in which the write data is reflected in the one
or more copy destination volumes in the copy destination
volume set corresponding to this copy source volume set.

The multiple copy source volumes in one copy source
volume set may reside in different multiple storage systems.
Similarly, the multiple copy destination volumes in one copy
destination volume set may reside in different multiple stor-
age systems.

However, in a case where a failure occurs in a primary
storage system (for example, in a certain volume) and the
primary storage system that is currently operating can no
longer be used, the host computer 30a performs an operation
for switching the access destination from the primary storage
system to a normal secondary storage system. However, the
problem is that the system will no longer be able to operate in
a case where the switch-destination secondary storage system
also has a failed volume. Therefore, as shown in the example
of FIG. 6, when creating a remote copy pair, it is necessary to
combine actual volumes that are not components of the same
virtual storage system.

FIG. 6 is a diagram showing an example of a storage
configuration and a remote copy pair configuration of the first
example.

This drawing comprises a primary storage system A and a
secondary storage system C.

The primary storage system A is a scale-out storage sys-
tem. The primary storage system A comprises a primary
storage system D and a primary storage system E. A primary
storage system B is not a scale-out storage system. The sec-
ondary storage system C is a scale-out storage system. The
secondary storage system C comprises a secondary storage
system F and a secondary storage system G.

Actual volumes D1 and D2 of the primary storage system
D are respectively associated with virtual volumes E1 and E2
of'the primary storage system E. In addition, an actual volume
E3 of the primary storage system E is associated with a virtual
volume D3 of the primary storage system D.

A volume set A (set A) resides in the primary storage
system A. The volume set A (set A) comprises a volume set D
(set D) of the primary storage system D and a volume set E
(set E) of the primary storage system E. A volume set B (set B)
also exists in the primary storage system B.

A volume set C (set C) exists in the secondary storage
system C. The volume set C (set C) comprises a volume set F
(set F) of the secondary storage system F and a volume set G
(set G) of the secondary storage system G.

A volume D1 and a volume D2 exist in the volume set D.
The volume D1 and a volume F1, which belongs to the vol-
ume set F, form one remote copy pair, and the volume D2 and
avolume F2, which belongs to the volume set F, form another
remote copy pait.

In addition, a volume E3 exists in the volume set E. The
volume E3 and a volume G1, which belongs to the volume set
G, form a remote copy pair.

Actual volumes D1, D2 and E3 belong to volume set A (set
A) and form remote copy pairs with actual volumes F1, F2
and G1 that belong to volume set C (set C). For this reason, the
write data update sequence (write sequence) with respect to
the volumes D1, D2 and E3 is the same as the write data
reflection sequence (write sequence) with respect to the vol-
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umes F1, F2 and G1. For example, in a case where data is
written in the order D1—D2—E3 to the actual volumes D1,
D2 and E3 of the primary storage system A, the data is written
in the order F1—+F2—G1 on the secondary storage system C
side.

FIG. 7 is a diagram showing an example of the configura-
tion of a volume management table of the first example.

The volume management table 1121 is used by the control
program 1126 (refer to FIG. 2) to manage the volume (s) of
the primary storage system 10a. There is also a volume man-
agement table 1121 in the secondary storage system 105, but
since the configurations are practically the same, the volume
management table 1121 of the primary storage system 10a
will be explained below.

The volume management table 1121 comprises a volume
1D 11211, a volume type 11212, an actual storage ID 11213,
an actual volume ID 11214, a capacity 11215, and a pair ID
11216 for each volume.

The volume ID 11211 is an ID used by the control program
1126 to uniquely identify a volume of the primary storage
system 10a.

The volume type 11212 is information denoting the type of
the volume (for example, a volume is either a virtual volume
or an actual volume) identified from the volume ID 11211.
The volume type 11212 is “virtual” when the volume is a
virtual volume, and is “actual” when the volume is an actual
volume.

The actual storage ID 11213 and the actual volume ID
11214 are information that is registered in a case where the
volume type 11212 is “virtual”. In a case where the volume
type 11212 is “virtual”, the actual volume ID 11214 is the ID
of the actual volume associated with the virtual volume. Fur-
thermore, the actual storage 1D 11213 is (the ID of) the actual
storage system that comprises the actual volume (the actual
volume associated with the virtual volume) identified from
the actual volume ID 11214. The “actual storage system” is a
storage system that is not a virtual storage system, and spe-
cifically, is either a storage system that is included in a virtual
storage system, or a storage system that is not included in the
virtual storage system.

In a case where the volume type 11212 is “actual”, the
actual storage 1D 11213 and the actual volume 1D 11214, for
example, are invalid values (for example, “N/A”).

The capacity 11215 is information denoting the capacity of
the volume identified from the volume ID 11211.

The pair ID 11216 is the ID of the remote copy pair com-
prising the volume that is identified from the volume ID
11211. In a case where this volume is not included in the
remote copy pair, the pair ID 11216, for example, is an invalid
value (for example, “N/A”).

FIG. 8 is a diagram showing an example of the configura-
tion of a volume set representative management table of the
first example.

The volume set representative management table 1122 is
used by the control program 1126 (see FIG. 2) to manage a
virtual volume set comprising multiple volume sets. The vol-
ume set representative management table 1122 exists only in
the representative storage system. The control program 1126,
based on the volume set representative management table
1122, is able to collectively manage volume sets comprising
the volume sets of multiple storage systems.

In the example of FIG. 6, the volume set representative
management table 1122, which is disposed in the representa-
tive storage system inside the primary storage system A,
comprises information related to the volume set A (set A). The
volume set representative management table 1122, which is
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disposed in the representative storage system inside the sec-
ondary storage system C, comprises information related to
the volume set C (set C).

The volume set representative management table 1122
comprises a volume set ID 11221, a container time 11222, a
number of volume sets 11223, an actual volume set ID 11224,
and an actual storage 1D 11225 for each virtual volume set.
The virtual volume set is a virtual volume set comprising
multiple volume sets. The virtual volume set, for example, is
a consistency group (a group in which the consistency of the
data is maintained), and, specifically, for example, comprises
one or more copy source volume sets and one or more copy
destination volume sets corresponding thereto.

The volume set ID 11221 is an ID used by the control
program 1126 to uniquely identify a virtual volume set.

The container time 11222 is information denoting the time
at which the processor 111 last wrote data to either of the
volumes comprising the virtual volume set (the volume set
identified from the volume set ID 11221). The container time
11222 is only registered in the representative management
table 1122 of the secondary storage system side.

The number of volume sets 11223 is information denoting
the total number of volume sets that comprise the virtual
volume set identified by the volume set ID 11221.

The actual volume set ID 11224 is the ID of the actual
volume set that comprises the virtual volume set identified
from the volume set ID 11221. The “actual volume set” is the
volume set that is not the virtual volume set, and, specifically,
is the volume set comprising the virtual volume set.

The actual storage ID 11225 is the ID of the storage system
comprising the volume set identified from the actual volume
set ID 11224.

The total number of actual volume set IDs 11224 (actual
storage 1Ds 11225) is the same as the number denoting the
number of volume sets 11223.

FIG. 9 is a diagram showing an example of the configura-
tion of a volume set management table of the first example.

The volume set management table 1123 resides in the
primary storage system 10a¢ and in the secondary storage
system 105. The volume set management table 1123 is used
by the control program 1126 to manage the volume sets of the
primary storage system 10a and the secondary storage system
105. The configuration of the volume set management table
1123 is the same in both the primary storage system 10a and
the secondary storage system 105, and as such, the following
explanation will focus on the configuration of the volume set
management table 1123 of the primary storage system 10a
(the secondary storage system 105 will be explained as
needed).

The volume set management table 1123 comprises a vol-
ume set ID 11231, a number of volumes 11232, a volume 1D
11233, a partner storage 1D 11234, a partner volume set ID
11235, and a latest data reflection time 11236 for each volume
set.

The volume set 1D 11231 is the ID used by the control
program 1126 to uniquely identify the volume set of the
primary storage system 10a.

The number of volumes 11232 is information denoting the
total number of volumes comprising the volume set (the vol-
ume set identified from the volume set ID 11231).

The volume ID 11233 is the ID of the volume included in
the volume set (the volume set identified from the volume set
1D 11231). The number of IDs registered as the volume ID
11233 is equivalent to the number denoted by the number of
volumes 11232.
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The partner storage 1D 11234 is the ID of a secondary
storage system that constitutes the remote copy destination of
a primary storage system.

The partner volume set ID 11235 is the ID for identifying
the volume set (the volume set of the storage system identified
by the partner storage ID 11234), which is the remote copy
destination.

The latest data reflection time 11236 is information show-
ing the time at which the processor 111 last wrote data to the
volume that belongs to the remote copy destination volume
set. The latest data reflection time 11236 is only registered in
the volume set management table 1123 of the secondary
storage system.

FIG. 10 is a diagram showing an example of the configu-
ration of a copy pair management table of the first example.

The copy pair management table 1124 is used by the con-
trol program 1126 to manage the remote copy pair relation-
ship between the volume of the primary storage system 10a
and the volume of the secondary storage system 105. The
same table is also in the secondary storage system 104.

The copy pair management table 1124 comprises a pair ID
11241, a volume 1D 11242, a volume set ID 11243, a partner
storage 1D 11244, and a partner volume ID 11245 for each
remote copy pait.

The pair ID 11241 is the ID used by the control program
1126 to uniquely identify the remote copy pair.

The volume ID 11242 is the ID used by the control program
1126 to uniquely identify the copy source volume that
belongs to the primary storage system.

The volume set ID 11243 is the ID of the volume set to
which the volume identified from the volume ID 11242
belongs.

The partner storage 1D 11244 is the ID of the remote copy
destination storage system of the volume identified from the
volume ID 11242.

The partner volume ID 11245 is the ID of the remote copy
destination volume (the volume of the storage system identi-
fied from the partner storage 1D 11244) of the volume iden-
tified from the volume ID 11242.

FIG. 11 is a diagram showing an example of a write data
management table of the first example.

The write data management table 1125 is used by the
control program 1126 (refer to FI1G. 2) to manage information
for transferring and reflecting the write data stored in the copy
source volume to the copy destination volume.

The write data management table 1125 comprises a vol-
ume ID 11251, a write destination address 11252, a write data
length 11253, a write data cache pointer 11254, a sequential
number 11255, a write time 11256, and a remote copy
requirement 11257 for each write data.

The volume ID 11251 is the ID used by the control program
1126 to uniquely identify a write destination volume.

The write destination address 11252 is the address of the
write data write destination area (a storage area in the write
destination volume).

The write data length 11253 is information denoting the
data size of the relevant write data.

The write data cache pointer 11254 denotes the cache area
in which the write data is to be stored temporarily.

The sequential number 11255 is a number (a sequential
number) denoting the sequence in which data has been writ-
ten to a volume belonging to the volume set. For example, in
a case where a single storage system comprises a first and a
second copy source volume set (a set of one or more copy
source volumes), there is a separate sequential number for
each copy source volume set. Furthermore, in a case where
the multiple copy source volumes included in one copy
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source volume set are in multiple storage systems, for
example, the sequential number corresponding to the relevant
copy source volume set is used no matter which of these
multiple copy source volumes the write data is written to.

The write time 11256 is information denoting the write
time of the relevant write data. Furthermore, the write time
may be the time (for example, the time denoted by a time
stamp of a write request) capable of being acquired from the
write data-related management information sent together
with the write data from the host computer 30a, may be the
time at which the write request was received, or may be the
time at which the write data was written to the write destina-
tion volume (the volume identified from the write request) in
accordance with the write request.

The remote copy requirement 11257 is an identifier denot-
ing the presence or absence of a remote copy target. In a case
where a remote copy is needed, the remote copy requirement
11257 is “required”, and in a case where a remote copy is not
needed, the remote copy requirement 11257 is “not required”.

FIG. 12 is a diagram showing an example of the configu-
ration of a storage management table of the first example.

The storage management table 2101 is used by the proces-
sor 220 (refer to FIG. 3) to manage a storage system that is
managed by the storage management program 2104, and the
scale-out configuration of each storage system.

The storage management table 2101 comprises a storage
1D 2101, a scale-out availability 21012, an actual storage ID
21013, and a representative storage ID 21014.

The storage ID 21011 is an ID for uniquely identifying a
storage system that is managed by the storage management
program 2104. In the case of a storage system that is a virtual
storage system comprising multiple storage systems, the stor-
age ID 21011 is the ID of the virtual storage system.

The scale-out availability 21012 is an identifier denoting
whether or not the storage system identified from the storage
1D 21011 is a storage system that is capable of scale-out. Ina
case where the storage system is a scale-out-enabled storage
(a virtual storage system), the scale-out availability 21012 is
“ON”. Alternatively, in a case where the storage system is not
a scale-out storage system, the scale-out availability 21012 is
“OFF”.

The actual storage ID 21013 registers the ID of the storage
system comprising the storage system identified from the
storage 1D 21011. In a case where the storage system is not a
scale-out storage, the actual storage ID 21013 is the same ID
as the storage 1D 21011.

The representative storage 1D 21014 is the ID of the storage
system that is the representative of one or more storage sys-
tems corresponding to one or more IDs registered in the actual
storage 1D 21013.

According to the example of FIG. 12, a storage system
“Storage A” is a virtual storage system comprising a storage
system “Storage D” and a storage system “Storage E”. The
representative storage system in this virtual storage system is
the storage system “Storage D”.

FIG. 13 is a diagram showing an example of the configu-
ration of a volume consolidation management table of the first
example.

The volume consolidation management table 2102 is for
managing a volume (the volume managed by the storage
management program 2104) of the storage system. The vol-
ume consolidation management table 2102 is created based
on the storage management table 2101 and the volume man-
agement table 1121 (the table 1121 disposed in each storage
system).

The volume consolidation management table 2102 com-
prises a volume ID 21021, a storage ID 21022, a scale-out
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availability 21023, an actual storage ID 21024, a volume type
21025, an actual volume ID 21026, and an actual storage ID
21027 for each volume.

The volume ID 21021 is an ID used by the storage man-
agement program 2104 to uniquely identify a volume. The
volume ID 21021 is the ID acquired with respect to each
storage system from the volume management table 1121 held
by each storage system.

The storage ID 21022 is the ID of the storage system
comprising the volume identified from the volume ID 21021.

The scale-out availability 21023 is an identifier denoting
whether or not the storage system identified from the storage
1D 21022 is a scale-out-enabled storage system.

The actual storage ID 21024 is the ID of the storage system
that actually comprises the volume identified from the vol-
ume ID 21021 and the storage 1D 21022.

The volume type 21025, the actual volume ID 21026, and
the actual storage 1D 21027 are information registered in a
case where the identifier registered in the scale-out availabil-
ity 21023 is “ON”.

The volume type 21025 is information denoting the type of
volume (whether the volume is a virtual volume or an actual
volume) that was identified from the IDs registered in the
volume ID 21021 and the storage 1D 21022.

The actual volume ID 21026 and the actual storage ID
21027 are information registered in a case where the volume
type 21025 is “virtual”.

The actual volume ID 21026 is the ID of the actual volume
that is associated with the virtual volume identified from the
volume ID 21021.

The actual storage [ 21027 is the ID of the storage system
comprising the actual volume identified from the actual vol-
ume ID 21026.

According to the example of FIG. 13, a volume “VOL D3”
is the volume of a storage system “Storage A”. Furthermore,
the storage system “Storage A” is a scale-out storage system,
and the volume “VOL D3” actually resides in a storage sys-
tem “Storage D”. In addition, this volume “VOL D3” is a
virtual volume, and an actual volume “VOL E3” of a storage
system “Storage E” is associated with this virtual volume.

FIG. 14 is a diagram showing an example of the configu-
ration of a volume set consolidation management table of the
first example.

The volume set consolidation management table 2103 is
used by the processor 220 to manage a volume set (the volume
set managed by the storage management program 2104) of a
storage system. The volume set consolidation management
table 2103 is created based on information of the table 1122 of
the representative storage system, and information of the
table 1123 of each storage system.

The volume set consolidation management table 2103
comprises a volume set ID 21031, a storage ID 21032, a
partner volume set ID 21033, a partner storage ID 21034, a
volume set type 21035, a configuration volume set ID 21036,
a configuration status 21037, and a virtual volume set ID
21038 for each volume set.

The volume set ID 21031 is an ID used by the storage
management program 2104 to uniquely identity a volume set.

The storage ID 21032 is the ID of the storage system
comprising the volume set identified from the volume set ID
21031.

The partner volume set ID 21033 is the ID of the volume
set, which is the remote copy destination of the volume set
identified from the volume set ID 21031.

The partner storage ID 21034 is the ID for identifying the
storage system comprising the volume set identified from the
partner volume set ID 21033. Furthermore, in a case where a
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remote copy pair has yet to be formed, the partner volume set

1D 21033 and the partner storage ID 21034 are both “unreg-

istered”.

The volume set type 21035 is information denoting the
type of the volume set identified from the volume set 1D
21031. In a case where the volume set is a virtual volume set,
the volume settype 21035 is “virtual”, and in a case where the
volume set is an actual volume set, the volume set type 21035
is “actual”.

The configuration volume set ID 21036 is the ID of the
volume set included in the volume set (that is, the virtual
volume set), for which the volume set type 21035 is “virtual”.

The configuration status 21037 is an identifier denoting
whether or not the volume set, for which the volume set type
21035 is “actual”, is the volume set included in the actual
volume set. In a case where the volume set is the volume set
included in the virtual volume set, the configuration status
21037 is “ON”, and in a case where it is not, the configuration
status 21037 is “N/A”.

The virtual volume set ID 21038 is registered with respect
to a volume set for which the volume set type 21035 is
“actual” and the configuration status 21037 is “ON”. The
virtual volume set ID 21038 is the ID of the virtual volume set
that comprises the volume set identified from the volume set
1D 21041.

According to FIG. 14, a volume set “Set A” resides in a
storage system “Storage A”. This volume set is associated
with a volume set “Set C” of a storage system “Storage C”.

However, the volume set “Set A” is a virtual volume set.
Actually, the volume set “Set A” comprises a volume set “Set
D” (the volume set that resides in a storage system “Storage
D) and a volume set “Set E” (the volume set that resides in a
storage system “Storage E”). The volume set “Set D” is
associated with a volume set “Set F* (the volume set that
resides in a storage system “Storage F”’). Furthermore, the
volume set “Set E” is associated with a volume set “Set G”
(the volume set that resides in a storage system “Storage G”).

FIG. 15 is a flowchart of a write request process.

Specifically, this drawing shows the flow of a write request
process in accordance with the control program 1126 (refer to
FIG. 2) in a case where the primary storage system 10q has
received a write request (a write request with respect to the
copy source volume of a remote copy) from the primary host
computer 30a.

The control program 1126, upon receiving the write
request from the primary host computer 30a (S1501), ana-
lyzes this write request. In accordance with this, the control
program 1126 acquires an ID of the write destination volume,
a write address, a write data length, write time information
(information denoting the write time) and write data (S1502).

The control program 1126 performs the following process-
ing in S1503:

(*) acquires the volume type 11212 of the write destination
volume by using the wrote destination volume ID to refer-
ence the volume management table 1121; and

(*) determines from the identified volume type 11212
whether or not the write destination volume is a virtual
volume.

In a case where the volume type 11212 of the write desti-
nation volume is “virtual” (§1503: Yes), the control program
1126 identifies the actual storage 1D 11213 and the actual
volume ID 11214 that are associated with the write destina-
tion virtual volume from the volume management table 1121
(that is, identifies the actual volume associated with the write
destination virtual volume, and the actual storage comprising
this actual volume) (S1508).
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In addition, the control program 1126 transfers the write
request that specifies the actual volume identified in S1508 to
the actual storage system identified in S1508, and ends the
write-request-receive processing in the relevant storage sys-
tem (S1509). Furthermore, the write request is processed in
the transfer destination storage system the same as in the flow
of processing of FIG. 15. The write address (the address
denoting the write destination storage area), which is speci-
fied in the transferred write request, specifies the address of
the actual volume corresponding to the write address of the
virtual volume acquired in S1502. The virtual volume address
and the actual volume address are managed in the transfer
source storage system.

In a case where the volume type of the write destination
volume is not “virtual” (S1503: No), the control program
1126 stores the write data acquired in S1502 in the cache
memory 113 (S1504).

The control program 1126 checks whether a valid pair ID
11216 is registered in the write destination volume by using
the write destination volume ID to reference the volume man-
agement table 1121. That is, the control program 1126 checks
whether or not the write destination volume is the remote
copy target (S1505).

In a case where the write destination volume is the remote
copy target (S1505: Yes), the control program 1126 associates
the write time information acquired in S1502 to the write data
(S1506). The write time information is used by the control
program 1126 to guarantee the write sequence when writing
the write data to the remote copy destination volume.

The control program 1126 registers the information
acquired in S1502 (the write destination volume ID, the write
address, the write data length, and the write time informa-
tion), the storage destination address (the write data pointer)
of'the cache memory that stored the write data in step S1504,
and the sequential number denoting the update sequence for
the start of the remote copy in the write data management
table 1125 as a new entry (S1507). Furthermore, in a case
where the write data has been associated as being in need of
a remote copy in S1506, the control program 1126 registers
the remote copy requirement 11257 of the write data man-
agement table 1125 as remote copy required.

In the above-described process, the control program 1126
is able to asynchronously manage a write request from the
host computer 30a and store write data from the cache
memory in a volume by using the write data management
table 1125 to manage the write data, and storing the write data
in the volume from the cache memory while referencing this
table 1125.

FIG. 16 is a flowchart of a write data transfer process of the
first example.

The process for transferring write data from the primary
storage system 10a to the secondary storage system 105 is
carried out here by the control program of the primary storage
system 10a (hereinafter the primary control program) 1126.
Furthermore, the processing to the left of the dotted line is
primary storage system 10a processing, and the processing to
the right of the dotted line is secondary storage system 105
processing.

First, the primary control program 1126 identifies the entry
(row) in the write data management table 1125 in which the
remote copy requirement 11257 comprises “required”. Next,
the primary control program 1126 creates write data informa-
tion based on the information of the identified entry, the write
data management table 1125, the volume set management
table 1123, and the copy pair management table 1124
(S1601).
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The write data information comprises the following infor-
mation:

(*) the write destination address 11262, the write data length
11263, and the write time 11266 of the above-mentioned
identified row in the write data management table 1125;
and

(*) the partner storage 1D 11244, the partner volume ID
11245, and the partner volume set ID 21033 identified from
the volume management table 1121, the copy pair manage-
ment table 1124, and the volume set management table
2103.

For example, in a case where the volume ID 11251 regis-
tered in the write data management table 1125 is “VOL D17,
the entry of the volume ID “VOL D1” is retrieved from the
volume management table 1121. Then, using the pair ID
11216 of this entry, the information related to the pair con-
figuration to which the “VOL D1” belongs (the partner stor-
age ID 11244, the partner volume ID 11245, and the partner
volume set ID 21033) is identified from the copy pair man-
agement table 1124 and the volume set management table
1123.

Next, the primary control program 1126 transfers the write
data identified in S1601 and the created write data informa-
tion to the secondary storage system 1056 (51602).

The control program of the secondary storage system 105
(hereinafter the secondary control program) 1126, upon
receiving the write data and the write data information from
the primary storage system. 10a, stores this information in the
cache memory 113 (S1603). The secondary control program
1126, based on the received write data information, registers
a new entry in the write data management table 1125 of the
secondary storage system 105 (S1604). The secondary con-
trol program 1126 checks whether or not a write time is
included in the received write data information (S1605). In a
case where the write time is the latest write time (S1605: Yes),
the secondary control program 1126 registers the write time
as the latest data reflection time 11236 in the volume set
management table 1123 of the secondary storage system 105
(S1606). Furthermore, in a case where the write time is not the
latest write time (S1605: No), the secondary control program
1126 performs the processing of S1607 and subsequent steps.

The secondary control program 1126 reports to the primary
storage system 10a that the write data receive is complete
(81607).

The primary control program 1126, which received the
write data receive complete report, updates the remote copy
requirement 11257 of the write data corresponding to the
complete report to “not required” in the write data manage-
ment table 1125, and ends the processing (S1608).

Furthermore, in a case where the primary control program
1126 has checked that the write data has been written to the
volume (the remote copy destination volume) of the second-
ary storage system 104, the primary control program 1126
may delete the entry corresponding to the remote-copied
write data from the write data management table 1125.

FIGS. 17 and 18 are flowcharts showing examples of the
write data reflection process by the control program (for
example, the secondary control program) 1126 in the first
example. Specifically, FIG. 17 is a flowchart of a write data
reflection process performed by a representative storage sys-
tem (for example, a representative secondary storage system).
FIG. 18 is a flowchart of a write data reflection process per-
formed by a non-representative storage system (for example,
a non-representative secondary storage system).

A representative secondary storage system of the multiple
secondary storage systems 105 controls the start of a reflec-
tion process of another secondary storage system. This makes
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it possible to guarantee that write sequence in the copy source
volume set and the reflection sequence in the copy destination
volume set are the same even when the multiple copy desti-
nation volumes comprising the copy destination volume set
reside in multiple secondary storage systems. Furthermore, a
storage system that is not a virtual storage system may com-
prise a volume set included in a virtual volume set, and in this
case, this one storage system may serve both as a representa-
tive storage system and as a non-representative storage sys-
tem.

The control program of the representative storage system
(hereinafter, the representative control program) 1126 iden-
tifies the ID of the storage system comprising the volume set,
which is the management target, from the volume set repre-
sentative management table 1122. The representative control
program 1126 also identifies the latest data reflection time
11236 of the management target volume set from the volume
set management table 1123, which all of the non-representa-
tive storage systems have (S1701).

The representative control program 1126 selects the oldest
time 11236 from among all of the latest data reflection times
11236 identified in S1701, and registers the selected time
11236 as the container time 11222 of the volume set repre-
sentative management table 1122 (S1702). In addition, the
representative control program 1126 instructs the respective
non-representative storage systems (the non-representative
storage system comprising the volume set that is the manage-
ment target) to reflect write data denoting a time that is older
than this container time 11222 in the copy destination vol-
ume, and waits for a report related to the copy destination
volume reflection processing from each non-representative
storage system (S1703).

The representative control program 1126 receives a reflec-
tion processing-related report from any of the non-represen-
tative storage systems (S1704), and checks whether a write
data reflection complete has been received from all of the
management target non-representative storage systems
(81705). In a case where a reflection complete has been
received from all of the non-representative storage systems
(S1705: Yes), the representative control program 1126 ends
the processing. In a case where a reflection complete has not
been received from at least one of the non-representative
storage systems (S1705: No), processing returns to S1704,
and the representative control program 1126 receives the
reflection processing-related report from the non-representa-
tive storage system.

Next, a write data reflection process in a non-representative
storage system will be explained using FIG. 18.

The control program (hereinafter the non-representative
control program) 1126 of a non-representative storage system
(for example, the secondary storage system 105) receives a
write data reflection instruction (refer to S1703) from the
representative storage system (S1801). The non-representa-
tive control program 1126 reflects the write data until the
instructed time in the copy destination volume in the
sequence of the sequential number 11255 from the write data
management table 1125 (S1802). When the write data reflec-
tion is complete, the non-representative control program
1126 issues a write data complete report to the representative
storage system (S1803).

FIG. 19 is a flowchart of a virtual volume set creation
process of the first example. FIG. 20 is a diagram showing a
virtual volume set creation screen provided by the storage
control program of the first example. The virtual volume set
creation process will be explained hereinbelow using FIGS.
19 and 20. The virtual volume set and the actual volume set
that comprise same are determined here.
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The storage management program 2104 receives a virtual
volume set create request from the user via a user interface
(refer to FIG. 20) provided by the storage management pro-
gram 2104 (S1901). The storage management program 2104
displays the virtual volume set creation screen G2000 on a
display device (not shown in the drawing) of the management
computer 20 (S1902). At this time, the storage management
program 2104 displays in the storage system field G20001 all
of the storage IDs 21011 registered in the storage manage-
ment table 2101 as storage system selection candidates.
According to the example of FIG. 12, the “Storage A”, the
“Storage B”, and the “Storage C” are displayed as the selec-
tion candidates in the storage system field G20001.

Next, the user uses the input device (not shown in the
drawing) of the management computer 20 to select, from
among the one or more storage IDs displayed in the storage
system field G20001, the ID of the storage system in which he
wishes to create a virtual volume set (S1903).

The storage management program 2104 identifies the 1D
21011 that matches the storage ID that the user selected in
S1903 from the storage management table 2101.

Next, the storage management program 2104 performs the
following processing in S1904:

(*) identifies from the volume set consolidation management
table 2103 the same storage ID 21032 as the identified
storage ID 21011; and

(*) displays in the added volume set field G20003 as a volume
set selection candidate the ID of the actual volume set,
which corresponds to the identified storage ID 21032, has
“unregistered” as the partner volume set ID 21033, and, in
addition, does not comprise a virtual volume set.

The user inputs the ID of the newly created virtual volume
set to the virtual volume set field G20002 (S1905), and selects
the volume set registered in the virtual volume set from the
added volume set field G20003 (S1906).

The storage management program 2104 references the
storage management table 2101, identifies the representative
storage system of the storage system comprising the storage
system selected by the user in S1903, and sends a volume set
registration request to this representative storage system. The
representative storage system that receives this request regis-
ters an entry related to the newly created volume set in the
volume set representative management table 1122 (S1907).
The storage management program 2104 at this point registers
the ID of the virtual volume set and the ID of the volume set
comprising same.

Lastly, the storage management program 2104 registers an
entry related to the newly created virtual volume set in the
volume set consolidation management table 21023. Specifi-
cally, the storage management program 2104 changes the
configuration status 21037 of the volume set included in the
virtual volume set to “ON”, and, in addition, registers the ID
of the created virtual volume set as the virtual volume set ID
21038 (S1908).

FIGS. 21 to 23 are flowcharts showing an example of a
remote copy pair creation process in the first example. Fur-
thermore, FIG. 24 is a diagram showing an example of a
remote copy screen in the first example. The remote copy pair
creation process will be explained by referring to the FIGS.
21 to 24.

The storage management program 2104 receives a remote
copy pair create request from the user via a user interface
provided by the storage management program 2104 (S2101).
The storage management program 2104 displays a remote
copy pair creation screen G2200 in response to this request
(S2102). The storage management program 2104 displays all



US 9,047,020 B2

21

of the storage IDs 21011 registered in the storage manage-
ment table 2101 in a remote copy source storage system field
(22001 at this time.

The user selects the storage system he wishes to use as the
remote copy source from among the storage systems dis-
played in the remote copy source storage system field G22001
(S2103).

The storage management program 2104, based on the vol-
ume consolidation management table 2103, lists up the vol-
umes, which are in the storage system that the user selected in
S2103, and, in addition, which have “actual” as the volume
type, and displays the IDs of all the volumes that have been
listed up (the volume selection candidates) in a remote copy
source volume field G22002 (S2104).

The user selects the volume he wishes to use as the remote
copy source volume from among the volumes displayed in the
remote copy source volume field G22002 (S2105).

The storage management program 2104, based on the vol-
ume set consolidation management table 2103, lists up the
volume sets in the storage system comprising the volume that
the user selected in S2105. Then, the storage management
program 2104 displays the IDs of the volume sets that have
been listed up (the volume set selection candidates) in a
remote copy source volume set field G22003 (S2106).

The user selects the volume set comprising the volume
selected in S2105 from among the volume sets displayed in
the remote copy source volume set field G22003 (S2107).

For example, in a case where the user has selected the
storage system “Storage A” in S2103, in S2104, the storage
management program 2104 displays all the volume IDs hav-
ing the volume type “actual” from among the volumes of the
storage system “Storage A” in the remote copy source volume
field G22002.

When the user selects the volume “VOL D17, the storage
management program 2104 displays the volume set “Set D”
of the storage system “Storage D” in the remote copy source
volume set field G22003. Furthermore, according to the
example of F1G. 24, a virtual volume set ID may be displayed
to clearly show which virtual volume set comprises the vol-
ume set “Set D”.

Next, as shown in FIG. 22, the storage management pro-
gram 2104 references the volume set consolidation manage-
ment table 2103 to check whether a partner volume set (a copy
destination volume set) corresponding to the volume set
selected in S2107 has been registered (S2108).

For example, according to the example of FIG. 14, it is
clear that when the user selected the volume set “Set D” in
S2107, the partner volume set “Set I was registered.

In a case where the partner volume set is registered (S2108:
Yes), the storage management program 2104 displays the ID
of the partner storage in a remote copy destination storage
system field G22004, and, in addition, displays the ID of the
partner volume set in a remote copy destination volume set
field G22006 (S2109).

Furthermore, in this example, the ID displayed in the
remote copy destination storage system field G22004 may be
the storage system comprising the virtual volume set, that is,
the ID of the virtual storage system. It can be supposed that
this ID is the storage ID 21032 in the entry comprising the
volume set ID 21031 corresponding to the virtual volume set
1D 21038 of the volume set consolidation management table
2103.

Next, the storage management program 2104 displays an
unused volume from among the volumes of the storage sys-
tem comprising the volume set displayed in S2109 in aremote
copy destination volume field G22005 (S2110).
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The user selects the volume he wishes to use as the remote
copy destination volume from among the volumes displayed
in the remote copy destination volume field G22002 in S2110
(S2111).

The storage management program 2104 sends an initial
copy start request to the storage system comprising the
remote copy source volume, and to the storage system com-
prising the remote copy destination volume (S2112).

Lastly, the storage system, which receives the initial copy
start request, performs the following processing in S2113:
(*) adds an entry related to the new remote copy pair to the

remote copy pair management table 1124;

(*) updates the volume ID 11233 of the relevant volume set,
the partner storage ID 11234, and the partner volume set ID
11235 of the volume set management table 1123;

(*) updates the pair ID 11216 of the relevant volume of the
volume management table 1121; and

(*) starts the initial copy subsequent to this processing.

In a case where it was determined in S2108 that there is no
partner volume set (S2108: No), the processing shown in FI1G.
23 is performed.

Specifically, the storage management program 2104 iden-
tifies the virtual volume set comprising the volume set that the
user selected in S2106, and checks whether or not a partner
volume set corresponding to this virtual volume set has been
registered (S2115).

In a case where the partner volume set is registered (S2115:
Yes), the storage management program 2104 executes the
processing of S2116 to S2120. In a case where the partner
volume set is not registered (S2115: No), the storage man-
agement program 2104 executes the processing of S2121 to
S2126.

The storage management program 2104 identifies the 1D
21034 of the partner storage system comprising the virtual
volume set identified in S2115 from the volume set consoli-
dation management table 2103. Then, the storage manage-
ment program 2104 displays this ID in the remote copy des-
tination storage field G22004 (S2116).

Next, the storage management program. 2115, based on the
volume consolidation management table 2102, displays the
ID of the volume of the partner storage identified in S2116
(the remote copy destination volume selection candidate) in
the remote copy destination volume field G22005 (S2117).

The user selects the volume he wishes to use as the remote
copy destination volume from among the volumes displayed
in the remote copy destination volume field G22002 (S2118).

The storage management program 2104 identifies the 1D
21036 of the volume set comprising the virtual volume set
identified in S2115 from the volume set consolidation man-
agement table 2103.

The storage management program 2104 displays the ID of
the volume set, which is in the storage system comprising the
volume that the user selected in S2118, and, in addition, has
yet to become a pair (the remote copy destination volume set
selection candidate) of the identified volume set ID 21036 in
the remote copy destination volume set field G22006
(S2119).

The user selects the volume set he wishes to use as the
remote copy destination volume from among the volume sets
displayed in the remote copy destination volume set field
G22006 (S2120).

In a case where the partner volume set is not set in S2115
(S2115: No), the processing hereinbelow is executed.

The storage management program 2104 displays the ID of
a storage system other than the storage systems that the user
selected in S2103 (the remote copy destination storage sys-
tem selection candidate) from the storage management table
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2101 in the remote copy destination storage system field

(22004 (S2121). According to the example of FIG. 12, in

S2104, when the remote copy source storage system “Storage

A”has been selected, the “Storage B” and the “Storage C” are

displayed as the storage systems other than the storage system

“Storage A” in the remote copy destination storage system

field G2200.

The user selects the storage system he wishes to use as the
remote copy source from among the storage systems dis-
played in the remote copy source storage system field G22001
(S2122).

The storage management program 2104, based on the vol-
ume consolidation management table 2103, lists up the IDs of
the volumes, which belong to the storage system selected by
the user in S2122, and, in addition, have “actual” as the
volume type. The storage management program 204 displays
the IDs of the volumes that have been listed up (the volume
selection candidates) in the remote copy destination volume
field G22005 (S2123).

The user selects the volume that he wishes to use as the
remote copy source volume from among the volumes dis-
played in the remote copy destination volume field G22005
(S2124).

The storage management program 2104, based on the vol-
ume set consolidation management table 2103, lists up the
volume sets in the storage system comprising the volume
selected by the user in S2105. Then, the storage management
program 2104 displays the IDs of the volume sets that that
have not become pairs yet (the volume set selection candi-
dates) from among the listed volume sets in the remote copy
destination volume set field G22006 (S2125).

The user selects the volume set he wishes to use as the
remote copy destination volume set from among the volume
sets displayed in the remote copy destination volume set field
G22006 (S2126).

Subsequent to the completion of the processing of either
S2120 or S2126, the following processing is executed.

The storage management program 2104 updates the vol-
ume set consolidation management table 2103 based on the
setting contents of the screen G2200 (S2127). Specifically,
the storage management program 2104 updates the partner
volume set ID 21033 and the partner storage 1D 21034 of the
relevant volume set in a case where a partner volume set and
a partner storage corresponding to each volume set have been
newly determined.

The storage management program 2104 sends an initial
copy start request to the storage system comprising the
remote copy source volume, and to the storage system com-
prising the remote copy destination volume (S2128).

Lastly, the storage system that received the initial copy start
request in S2119:

(*) adds an entry related to the new remote copy pair to the
remote copy pair management table 1124;

(*) updates the volume ID 11233 of the relevant volume set,
the partner storage ID 11234, and the partner volume set ID
11235 of the volume set management table 1123;

(*) updates the pair ID 11216 of the relevant volume of the
volume management table 1121; and

(*) starts the initial copy subsequent to this processing.
Furthermore, although omitted from the explanation, in

S2119 and the like, in a case where the relevant volume is not

registered, an error notification may be issued and the pro-

cessing ended.

In the processes described hereinabove, when the remote
copy destination storage system selection candidates are
listed up (S2121), for example, a storage system included in
the same virtual storage system as the remote copy source
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storage system will not be listed up as a remote copy desti-

nation storage system selection candidate even when the stor-

age system differs from the remote copy source storage sys-

tem. For this reason, it is possible to prevent the creation of a

remote copy pair between storage systems included in the

same virtual storage system. That is, the virtual storage sys-
tem can be managed as a single storage system.

Furthermore, in the remote copy pair creation process in
this example, when the remote copy source volume selection
candidates and the remote copy destination volume selection
candidates are listed up (S2105, S2110, S2117, S2123), only
those volumes with the volume type “actual” are listed up. For
this reason, it is possible to restrict the remote copy pair
components to actual volumes even when a virtual volume
that is associated with an actual volume exists, and the virtual
volume is being provided to the host computer.

Furthermore, both a virtual volume and an actual volume
may be displayed as a remote copy source volume selection
candidate and/or a remote copy destination volume selection
candidate. In a case where a virtual volume has been selected
as the remote copy source volume and/or the remote copy
destination volume, the volume consolidation management
table 2102 can be used to identify the actual volume that
corresponds to the virtual volume. That is, in a case where the
remote copy source volume and/or the remote copy destina-
tion volume is/are a virtual volume, the associated actual
volume substantially becomes the remote copy source vol-
ume and/or the remote copy destination volume.

Furthermore, in the processes described hereinabove, the
premise is that an actual volume set is included in a virtual
volume set beforehand, and when creating a remote copy pair,
the user must be aware of the actual volume sets that comprise
the virtual volume set.

However, for example, only the virtual volume set itself
may be specified without specifying the actual volume sets
thatare included in this virtual volume set. In accordance with
this, the storage management program 2104 must perform the
following checks with respect to the storage system compris-
ing the remote copy source volume and/or the storage system
comprising the remote copy destination volume:

(A) check whether or not an actual volume set comprising the
specified volume is included in the specified virtual vol-
ume; and

(B) check whether or not the volume set comprising the
remote copy source volume and the volume set comprising
the remote copy destination volume are associated with
one another.

The storage management program 2104, in a case where
the check result for at least one of the above-mentioned (A)
and (B) is negative, is able to create a new volume set, include
this volume set in the virtual volume set, and create a new pair
(volume set pair). By doing so, the user need not be made
aware of the actual volume sets that are included in the virtual
volume set when a remote copy pair is created.

FIG. 25 is a flowchart of a storage addition process of the
first example. Furthermore, FIG. 26 is a diagram showing a
storage addition screen of the first example. The storage addi-
tion process will be explained by referring to FIGS. 25 and 26.

The storage management program 2104 receives a storage
addition request from the user via a user interface provided by
the storage management program 2104 (S2301). Then, the
storage management program 2104 displays a storage addi-
tion screen G2400 in response to this request (S2302).

The storage management program 2104 displays the IDs of
storage systems having a scale-out availability of “ON” (vir-
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tual storage selection candidates) based on the storage man-
agement table 2101 in an add destination virtual storage ID
field G24001.

In addition, the storage management program. 2104, based
on the storage management table 2101, displays the IDs of
storage systems for which the scale-out availability is “ON”
and the virtual storage system comprises only one storage
system in a storage system to be added field G24002.

Next, the user selects the ID of the virtual storage system to
which he wishes to add a storage system from among the
storage systems displayed in the add destination virtual stor-
age ID field G24001 (S2303). Furthermore, the user may not
only select a storage ID from the add destination virtual
storage ID field G24001, but may also directly input a storage
1D into the add destination virtual storage 1D field G24001 to
handle a case in which a new virtual storage is created.

In addition, the user selects the ID of the storage system he
wishes to add to the virtual storage system that the user
selected in S2303 from the storage systems displayed in the
storage system to be added field G24002 (S2304).

The storage management program 2104 identifies ID
21013 ofthe storage systems that comprise the virtual storage
system selected by the user in S2303 from the storage man-
agement table 2101 (S2305).

The storage management program 2104, based on the copy
pair management table 1124 of the storage system selected in
S2304, checks for the presence or absence of a remote copy
pair from this storage system to the respective storage sys-
tems identified in S2305 (S2306). That is, the storage man-
agement program 2104 checks whether or not the IDs of the
storage systems identified in S2305 are in the copy pair man-
agement table 1124 of the storage systems selected in S2304
as partner storage 1Ds.

In a case where a remote copy pair does not exist (5S2306:
Yes), the storage management program 2104, based on the
copy pair management tables 1124 of the respective storage
systems acquired in S2305, checks for the presence or
absence of remote copy pairs from the storage system
selected in S2304 to the respective storage systems (S2307).
That is, the storage management program 2104 checks
whether or not the ID ofthe storage system selected in S2304
is in the copy pair management tables 1124 of the respective
storage systems as the partner storage ID.

In a case where the remote copy pair does not exist (S2307:
Yes), it is supposed that a storage add is allowed, and the
storage management program 2104 updates the storage man-
agement table 2101 and ends the processing (S2308).

In cases where a remote copy pair exists in S2306 and
S2307 (S2306: No, S2307: No), a storage add cannot be
allowed, and as such, the storage management program. 2104
notifies the user of an error and ends the processing (S2309).

Furthermore, when a storage addition is successful, the
storage management program 2104 redefines the representa-
tive storage system such that there is only one representative
storage system in the virtual storage system. Furthermore, the
storage management program 2104 consolidates the volume
set representative management table that the add-target stor-
age system possessed from before the addition of the storage
system together with the volume set representative manage-
ment table that the representative storage system of'the virtual
storage system possessed prior to the addition.

As in the above-described processes of S2306 and S2307,
a check is performed as to whether or not an identified con-
dition is being met (in S2306 and S2307, a check as to
whether or not a remote copy pair exists between the storage
systems that comprise the virtual storage system and the
newly added storage system), and the storage addition is only
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allowed when the condition is satisfied. Consequently, a prob-
lematic configuration can be prevented.

According to the first example described hereinabove, the
addition of a storage is allowed only in a case where a remote
copy pair does not exist between a storage system that is
already included in the virtual storage system and the storage
system to be added anew. This makes it possible to prevent a
remote copy pair from being formed in the same virtual
storage system.

FIG. 27 is a flowchart of a failover requirement determi-
nation process of the first example.

A failover requirement determination process is for deter-
mining whether or not it is necessary to switch operations to
the secondary storage system when the primary storage sys-
tem included in the primary-side virtual storage system has
been damaged.

In a case where a damaged storage system is one of the
storage systems included in a virtual storage system, a
failover may not be necessary when the storage system com-
prising the volume in which the actual data is being stored has
not been damaged.

FIG. 31 is a diagram showing an example of the configu-
ration of a storage system for which a failover is not required
in the first example.

According to the example of FIG. 31, the situation is one in
which a virtual storage system Z of the storage systems that
are included in a primary storage system V is damaged. How-
ever, storage systems Y and X, which comprise actual vol-
umes that belong to a volume set V, are not damaged, and the
data can be accessed normally. For this reason, it is not nec-
essary to execute a failover.

A situation like this will occur in a case where the primary
storage system Z, which comprises the virtual volume, is
subsequently added to the primary storage system V compris-
ing the primary storage system Y and the primary storage
system X, which comprise actual volumes, and a path to the
primary storage system V by way of the primary storage
system Z, which comprises the virtual volumes, has been
added.

When the storage system is damaged, in a case where a
function for executing the failover requirement determination
process has been provided in the storage management pro-
gram 2101, it is possible to determine whether or not a
failover is necessary, and to present the user with this result. In
accordance with this function, the user is able to check the fact
that the storage system is damaged, and whether or not a
failover must be executed as a result of this damage. This
process will be explained below using the flowchart of FIG.
27.

The storage management program 2104, upon detecting
that a storage system has been damaged (S2501), identifies
the virtual storage system comprising the damaged storage
system based on the storage management table 2101. Further-
more, the storage management program 2104 is able to detect
whether or not a storage system has been damaged by regu-
larly communicating with the storage system to check that
communications are possible.

In addition, the storage management program 2104, based
on the volume set consolidation management table 2103,
identifies the virtual volume set of the relevant virtual storage
system, and the volume set included in the virtual volume set
(52502).

The storage management program 2104 identifies the vol-
umes allocated to the respective volume sets included in the
virtual volume set identified in S2502 from the volume set
management table 1123 of the storage system comprising the
respective volume sets (S2503).
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The storage management program 2104, based on the
actual storage ID 21024 corresponding to the volume identi-
fied in S2503 in the volume consolidation management table
2102, checks whether a volume that belongs to the damaged
storage system exists among the volumes identified in S2503
(S2504).

In a case where a volume belonging to the damaged storage
exists in S2504 (S2504: Yes), the storage management pro-
gram 2104 notifies the user that failover is required and ends
the processing (S2508).

In a case where a volume belonging to the damaged storage
does not existin S2504 (S2504: No), the storage management
program 2104 notifies the user that failover is not required
and ends the processing (S2509). The user will instruct a
failover in accordance with the notification.

According to the first example described hereinabove, the
storage systems that are included in the same virtual storage
can be managed as a single storage system. According to the
first example, it is possible to prevent a remote copy pair from
being formed between the storage systems included in the
same virtual storage system.

Furthermore, even in a case where a volume set spanning
the storage systems included in the same virtual storage sys-
tem has been defined, it is possible to guarantee that the write
update sequence to the primary-side volume and the write
reflection sequence to the secondary-side volume are the
same.

Furthermore, in this example, even in a case where a vol-
ume set spanning multiple storage systems has been defined,
it is possible to guarantee that the write update sequence to the
primary-side volume and the write reflection sequence to the
secondary-side volume are the same by providing a represen-
tative storage system that controls the start of the write data
reflection process to the secondary-side volume. That is, an
arbitrary volume can be registered in the same volume set
even in a virtual storage system (a scale-out storage system).

However, guaranteeing that the write update sequence and
the write reflection sequence are the same may also be done
by arranging all of the volumes defined in the same volume set
in the same storage system. That is, the configuration may be
such that the storage management program 2104 comprises a
function for issuing an instruction to migrate the data of a
certain volume to another volume, and a single storage system
holds all of the remote copy source volumes (remote copy
destination volumes). Since this enables the storage manage-
ment program. 2104 to issue an instruction to the control
program to migrate the volume data to an identified storage
system prior to sending the control program the initial copy
execution instruction when a remote copy pair create instruc-
tion has been received from the user, the write update
sequence and the write reflection sequence can be made the
same.

EXAMPLE 2

In a second example, a stand-alone management computer
60 is disposed in a one-to-one relationship with respect to
each storage system 10a and 105. The respective storage
systems 10a and 105 are managed by the management com-
puter 20 and the respective stand-alone management comput-
ers 60 (Refer to FIG. 28).

In a case where there is a stand-alone management com-
puter 60 for managing a single storage system like this, the
stand-alone management computer 60, by executing an ille-
gal storage management, could wind up creating an illegal
configuration in the computer system 1.
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A process for detecting this kind of illegal configuration
and notifying the user will be explained below. As used here,
illegal storage management and illegal configuration signify
the formation of a remote copy pair between storage systems
included in the same virtual storage system. Furthermore,
only the differences with respect to the first example will be
explained in this example.

FIG. 28 shows an example of the configuration of the
computer system 1 of the second example.

The difference with the first example, as mentioned above,
is that a stand-alone management computer 60 is provided for
each storage system 10a and 104.

The management computer 20 and the stand-alone man-
agement computers 60 coexist in the computer system 1 of the
second example. The management computer 20 mainly man-
ages the multiple storage systems 10a and 105. The stand-
alone management computer 60 mainly manages the indi-
vidual storage systems 10a and 105.

FIG. 29 shows an example of the configuration of the
stand-alone management computer 60 of the second example.

The hardware configuration of the stand-alone manage-
ment computer 60 is practically the same as that of the man-
agement computer 20 of the first example, but the programs
stored in the memory 610 differ. The programs stored in the
memory 610 are a stand-alone storage management program
6101 for managing an individual storage system, and an OS
6102 for controlling the stand-alone storage management
program 6101.

The stand-alone storage management program 6101 is
used by the user to instruct the control program 1126 of the
management target storage system via a user interface pro-
vided by the stand-alone storage management program to
create a remote copy pair.

For example, when a request to create a remote copy pair
from a volume of the management target storage system to a
volume of a storage system coupled to this storage system is
issued to the control program 1126, the control program 1126
updates the volume management table 1121, the volume set
management table 1123, and the copy pair management table
1124 based on the instructed pair information, and starts the
remote copy. However, the stand-alone management com-
puter 60 is unable to collectively manage multiple storage
systems, and does not manage the storage configuration
related to a scale-out, such as a virtual storage system and the
storage systems that comprise same.

For this reason, there may be cases in which a remote copy
pair is formed between storages that are included in the same
virtual storage system.

FIG. 30 is a flowchart of a configuration error determina-
tion process of the second example.

A configuration error determination process is one that
determines whether there is a remote copy pair between stor-
ages included in the same virtual storage system.

The storage management program 2104 identifies the stor-
age systems included in the virtual storage system based on
the storage management table 2101 (S2801). Next, the stor-
age management program 2104 checks whether or not the
copy pair management table 1124 information was acquired
with respect to the all the storage systems acquired in S2801
(52802).

In a case where the information of the copy pair manage-
ment table 1124 has not been acquired with respect to all of
the storage systems (S2802: No), the storage management
program 2104 acquires the information of the copy pair man-
agement table 1124 from the storage systems with respect to
which this information has not been acquired (S2803). In a
case where the information of the copy pair management
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table 1124 has been acquired with respect to all of the storage
systems (S2802: Yes), the storage management program 2104
performs the processing of S2805 and subsequent steps.

The storage management program 2104 acquires the ID
registered in the partner storage ID 11243, which is the copy
destination, for each pair (each pair registered in the copy pair
management table 1124 acquired in S2803).

Next, the storage management program 2104, based on the
storage management table 2101, determines whether or not
the storage system(s) from which the copy pair management
table (s) 1124 were acquired in S2803 and the storage sys-
tem(s) identified from the acquired ID (s) are storages that are
included in the same virtual storage system, and if the stor-
ages are included in the same virtual storage system, holds the
pair information as a configuration error (S2804).

In a case where it has been determined in S2802 that copy
pair information tables have been obtained from all the stor-
age systems (S2802: Yes), the storage management program
2104 checks for the presence or absence of a pair that has been
registered as a configuration error in S2804 (S2805).

In a case where there is a pair that has been registered as a
configuration error (S2805: Yes), the storage management
program 2104 presents the relevant pair to the user as a
configuration error, and ends the processing. In a case where
in S2805 no pair has been registered as a configuration error
(S2805: No), the storage management program 2104 ends the
processing as-is.

In the above-described processing, the storage manage-
ment program 2104 checks for the presence or absence of a
configuration that satisfies a specific condition (S2804), and
in a case where a configuration that meets the condition is
discovered, presents same to the user as a configuration error
(S2806). In accordance with to this process, the user is able to
check for a specific configuration status in the computer sys-
tem 1, and to make a determination as to whether or not a
configuration revision is necessary.

According to the second example described hereinabove,
even in a case where the computer system comprises an illegal
configuration, such as the formation of a remote copy pair
between storage systems that are included in the same virtual
storage system, this illegal configuration can be detected and
presented to the user.

A number of examples of the present invention have been
explained hereinabove, but these are examples for illustrating
the present invention, and do not purport to limit the scope of
the present invention to these examples. The present inven-
tion can be put into practice in a variety of other modes.

For example, it is possible to avoid a situation in which a
copy source volume, which comprises a remote copy pair
with a copy destination volume, exists in the virtual storage
system comprising this copy destination volume.

REFERENCE SIGNS LIST

1 Computer system

10a Primary storage system
105 Secondary storage system
20 Management computer

The invention claimed is:
1. A management system coupled to a plurality of storage
systems including a plurality of logical volumes, comprising:
a processor; and
amemory storing instructions, which are executable by the
processor, and management information which includes
an identifier of a consistency group, an identifier of the
storage systems and an identifier of the logical volumes,
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wherein the consistency group is a group of the logical
volumes which maintain compatibility of data with each
other, and

wherein the processor is configured to:

receive a request for a remote copy including an identi-
fier of a logical volume of a source of the remote copy
and an identifier of a logical volume of a destination of
the remote copy;

identify the consistency group corresponding to the logi-
cal volume of the source of the remote copy and the
consistency group corresponding to the logical vol-
ume of the destination of the remote copy by referring
to the management information; and

copy data from the logical volume of the source of the
remote copy to the logical volume of the destination
of'the remote copy and set a remote copy pair between
the logical volume of the source of the remote copy
and the logical volume of the destination of the remote
copy, if the consistency group ofthe logical volume of
the source of the remote copy is not equal to the
consistency group of the logical volume of the desti-
nation of the remote copy.

2. The management system according to claim 1,

wherein the consistency group corresponds to a virtual

storage system.

3. The management system according to claim 2,

wherein the logical volume of the source of the remote

copy corresponds to a virtual volume.

4. The management system according to claim 3,

wherein the virtual storage system includes a plurality of

volume sets, and

wherein the volume sets include a group oflogical volumes

of the source of the remote copy and a group of logical
volumes of the destination of the remote copy.

5. The management system according to claim 4,

wherein the logical volumes of the destination of the

remote copy correspond to actual volumes.

6. In a management system coupled to a plurality of storage
systems including a plurality of logical volumes, the manage-
ment system having a processor; and a memory storing
instructions, which are executable by the processor, and man-
agement information which includes an identifier of a con-
sistency group, an identifier of the storage systems and an
identifier of the logical volumes, wherein the consistency
group is a group of the logical volumes which maintain com-
patibility of data with each other, a method performed by the
processor comprising the steps of:

receiving a request for a remote copy including an identi-

fier of a logical volume of a source of the remote copy
and an identifier of a logical volume of a destination of
the remote copy;

identifying the consistency group corresponding to the

logical volume of the source of the remote copy and the
consistency group corresponding to the logical volume
of the destination of the remote copy by referring to the
management information; and

copying data from the logical volume of the source of the

remote copy to the logical volume of the destination of
the remote copy and set a remote copy pair between the
logical volume of the source of the remote copy and the
logical volume of the destination of the remote copy, if
the consistency group of the logical volume of the source
of the remote copy is not equal to the consistency group
of the logical volume of the destination of the remote

copy.
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7. The method according to claim 6,
wherein the consistency group corresponds to a virtual
storage system.
8. The method according to claim 7,
wherein the logical volume of the source of the remote
copy corresponds to a virtual volume.
9. The method according to claim 8,
wherein the virtual storage system includes a plurality of
volume sets, and
wherein the volume sets include a group oflogical volumes
of the source of the remote copy and a group of logical
volumes of the destination of the remote copy.
10. The method according to claim 9,
wherein the logical volumes of the destination of the
remote copy correspond to actual volumes.
11. A non-transitory computer readable storage medium in
a management system coupled to a plurality of storage sys-
tems including a plurality of logical volumes, the non-transi-
tory computer readable storage medium storing instructions,
which are executable by a processor, and management infor-
mation which includes an identifier of a consistency group, an
identifier of the storage systems and an identifier of the logical
volumes, wherein the consistency group is a group of the
logical volumes which maintain compatibility of data with
each other, the non-transitory computer readable medium
comprising:
code for receiving a request for a remote copy including an
identifier of a logical volume of a source of the remote
copy and an identifier of a logical volume of a destina-
tion of the remote copy;
code for identifying the consistency group corresponding
to the logical volume of the source of the remote copy
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and the consistency group corresponding to the logical
volume of the destination of the remote copy by refer-
ring to the management information; and
code for copying data from the logical volume of the source
of the remote copy to the logical volume of the destina-
tion of the remote copy and set a remote copy pair
between the logical volume of the source of the remote
copy and the logical volume of the destination of the
remote copy, if the consistency group of the logical
volume of the source of the remote copy is not equal to
the consistency group of the logical volume of the des-
tination of the remote copy.
12. The non-transitory computer readable medium accord-
ing to claim 11,
wherein the consistency group corresponds to a virtual
storage system.
13. The non-transitory computer readable medium accord-
ing to claim 12,
wherein the logical volume of the source of the remote
copy corresponds to a virtual volume.
14. The non-transitory computer readable medium accord-
ing to claim 13,
wherein the virtual storage system includes a plurality of
volume sets, and
wherein the volume sets include a group oflogical volumes
of the source of the remote copy and a group of logical
volumes of the destination of the remote copy.
15. The non-transitory computer readable medium accord-
ing to claim 14,
wherein the logical volumes of the destination of the
remote copy correspond to actual volumes.
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